Introduction
Rice is the staple food in south and southeast Asia and plays an important role in Indian agriculture, as it occupies the largest area (43.5 million ha) among the field crops and also stands first in production (104.3 million tonnes). The economic importance of rice ecosystems in the world can be judged from its coverage of 163 million ha with a production of 741 million tonnes of grain, ranking third in area and second in production among high fixation in soils. [21] Zinc deficiency ranks fifth among the most important health risk factors in developing countries [22] and proper Zn management contributes about 18.4 million tonnes of grains ( 211.6 billion) for major food grain crops. [23] Interactions between the root and the root microbiome influence plant growth as several microorganisms in the rhizosphere share a symbiotic or associative relationship with the plant. [24] The use of microbial inoculation in the nutrient management of rice is known to elicit positive effects on growth, yield, and nutrient uptake. Among microbes, the role of cyanobacteria and their consortium/biofilms with agriculturally beneficial bacteria in improving plant growth by N fixation and solubilizing soil P has been reported, [25] [26] [27] [28] and its promise is well established in conventional puddled transplanted rice system, besides recent reports on their promise in SRI, but not in aerobic rice. [28, 29] However, no information is available regarding the comparative efficacy of these inoculants in SRI and ARS, vis-à-vis PTR, in terms of improving yield and water savings; with this background, this study was undertaken. The information generated can be valuable not only for researchers, but also for policy makers.
Results

Rice Yields
The yields of rough, brown, and milled rice were higher during the first year, as compared to those in the second year (Tables 1-3) . The SRI method recorded the highest yield of rough rice in both the years and remained at par with PTR, while both PTR and SRI performed significantly better than the ARS during both the years of study ( Table 1 ). The application of recommended dose of nutrients (RDN) + Zn recorded the highest rough rice yield, which was significantly superior to the application of RDN in all crop establishment methods (CEMs). The yields in two treatments involving microbial inoculants, namely, 75% RDN + Anabaena-Pseudomonas (An-Ps) biofilm formulation and 75% RDN + Anabaena sp. (CR1) + Providencia sp. (PR3), were at par with each other and with the RDN in all CEMs.
The brown rice yield was less than rough rice by 910 kg ha −1 in PTR, 900 kg ha −1 in SRI, and 930 kg ha −1 in ARS during the first year and 900 kg ha −1 in PTR, 890 kg ha −1 in SRI, and 920 kg ha −1 in ARS during the second year of study. The yield of brown rice was 170 kg ha −1 higher in PTR and 200 kg ha −1 higher in SRI than ARS ( Table 2 ). Three treatments containing RDN + Zn, 75% RDN + An-Ps biofilm formulation + Zn, and 75% RDN + CR1 + PR3 + Zn recorded significantly higher brown rice yield than similar treatments without zinc application in all CEMs; the yields of these three treatments were significantly higher than all other nutrient management options. The milled rice yield in PTR was 67.2% of rough rice and 86.4% of brown rice yield during the first year and 65.6% and 84.9%, respectively, during the second year (Table 3) . Similarly, the yield of milled rice in SRI was 86.3% and 84.7% of brown rice and 65.3% and 65.7% of rough rice, during the first and second years, respectively. In the ARS method, percent contribution of rough rice to milled rice was lower than that in PTR Global Challenges 2019, 3, 1800005 and SRI, which was 65.4% and 64.2% during the first and second years, respectively. The highest bran yield was recorded in SRI and the highest hull yield in ARS in both the years (Tables 4 and 5). The yields of bran and hull remained on par in all nutrient management treatments, except control, which showed significantly lower bran and hull yield than rest of the treatments in all CEMs. The highest bran yield was recorded in 75% RDN + CR1 + PR3 + Zn in the SRI method in the second year, while highest hull yield was recorded in 75% RDN + An-Ps biofilm formulation + Zn in ARS during the first year.
Water Productivity of Rough Rice
The highest total water productivity was recorded in the SRI method (2.13 kg ha −1 mm −1 ), which was statistically superior to ARS (2.09 kg ha −1 mm −1 ) ( Table 6) , and both these methods recorded significantly higher total water productivity over PTR (1.96 kg ha −1 mm −1 ). The treatment containing RDN + Zn in SRI produced higher rough rice per unit of water consumed (2.27 kg ha −1 mm −1 ), which was closely followed by 75% RDN + An-Ps biofilm formulation + Zn and 75% RDN + CR1 + PR3 + Zn in SRI during the first year. During the second year, RDN + Zn in ARS performed better with highest total water productivity (3.79 kg ha −1 mm −1 ) and remained on par with 75% RDN + An-Ps biofilm formulation + Zn and 75% RDN + CR1 + PR3 + Zn. These three treatments were superior to all the other treatments during both the years in all CEMs.
The total water productivity of rough rice was negatively correlated with irrigation water used during both the years with stronger negative correlation in the second year (R 2 = 0.99) than in the first year (R 2 = 0.83) (Figure 1) . The rough rice yield positively correlated with total water used during both the years (Figure 2) . The irrigation water productivity was higher than the total water productivity in all the three CEMs, in both the years of study ( Table 7) . During the first year, irrigation water productivity was higher by 3.63 kg ha −1 mm −1 in PTR, 5.05 kg ha −1 mm −1 in SRI, and 5.32 kg ha −1 mm −1 in ARS than total water productivity, while during the second year it was higher by 0.81, 1.66, and 2.52 kg ha −1 mm −1 in PTR, SRI, and ARS, respectively. The irrigation water productivity of RDN + Zn was higher by 4.97 kg ha −1 mm −1 over total water productivity, while it was higher by 4.94 and 4.95 kg ha −1 mm −1 in 75% RDN + An-Ps biofilm formulation + Zn and 75% RDN + CR1 + PR3 + Zn, respectively, during the first year. The increase in irrigation water productivity over total water productivity during the second year was 1.79, 1.77, and 1.77 kg ha −1 mm −1 , respectively, for the above-mentioned treatments; these treatments recorded significantly higher irrigation water productivity than rest of the treatments in all CEMs in both the years of study. In this study, both Zn fertilization and microbial inoculation save substantial quantities of water (Tables 6 and 7 ). The highest increase in total and irrigation water productivity due to Zn fertilization was recorded when Zn was applied with 75% RDN (0.10 kg ha −1 mm −1 ) in ARS in the first year and 75% RDN + CR1 + PR3 (0.21 kg ha −1 mm −1 ) in ARS during Global Challenges 2019, 3, 1800005 the second year. This leads to savings of 245 and 158 L of total water kg −1 of rough rice produced in the first and second years, respectively. Similarly, the application of MI1 saved 381-401 and 102-135 L of total and irrigation water kg −1 of rough rice produced in the first year, while savings in the second year were 134-216 and 79-171 L kg −1 of rough rice produced.
Systems of cultivation
Water Productivity of Brown Rice
The production of brown rice required greater amounts of water to produce 1 kg of rice than rough rice. The SRI method (1.67 kg ha −1 mm −1 ) gave significantly higher total water productivity in the first year, while ARS was found to be superior in the second year, with total water productivity of 2.66 kg ha −1 mm −1 ( Table 8) . Among the nutrient management options, total water productivity was found highest in RDN + Zn in the SRI method (1.80 kg ha −1 mm −1 ) in the first year and in the ARS method (1.91 kg ha −1 mm −1 ) during the second year. This treatment remained statistically on par with that of 75% RDN + An-Ps biofilm formulation + Zn and 75% RDN + CR1 + PR3 + Zn in all CEMs. These three treatments recorded significantly higher total water productivity than all other treatments in all CEMs. With regard to the irrigation water productivity, ARS performed better during both the years with higher water productivity of 5.65 and 4.57 kg ha −1 mm −1 during the first and second years, respectively, which can be mainly due to lower amounts of irrigation water required in ARS in both the years, than PTR and SRI ( Table 9 ). In case of nutrient management treatments, the trend was found to be similar to that of total water productivity with highest irrigation water productivity in RDN + Zn applied in ARS (6.09 and 5.00 kg ha −1 mm −1 ) during both the years.
Water Saving due to CEMs
In the first year of the experiment, SRI saved 21.9% irrigation water, while ARS saved 27.4% irrigation water over PTR ( Table 10) , while during the second year, SRI saved 37.4% irrigation water and ARS saved 50.8% irrigation water over PTR. The total water savings in both SRI and ARS were very low during the first year (7.7% and 7.9%, respectively). In the second year, savings of total water were 25.4% and 37.5% in SRI and ARS, respectively, over PTR.
Agronomic Use Efficiency of Nitrogen and Phosphorus
The agronomic use efficiency of nitrogen (AUEN) was higher during the second year ( influence AUEN significantly. Among the nutrient management options, 75% RDN + An-Ps biofilm formulation both with and without Zn recorded significantly higher AUEN, as compared to other treatments. The interaction between CEMs and nutrient management options on AUEN was found significant in both the years. On comparing PTR with SRI, all the treatments were found significantly higher in PTR, except two treatments, namely, RDN with and without Zn in the first year, while during the second year, all the treatments were statistically superior in PTR, than the SRI system. Based on the performance of treatments in ARS and SRI, all the treatments were statistically at par in both the years. However, all the treatments in PTR exhibited superior performance, as compared to those applied in ARS during the second year, while during the first year, three treatments, namely, RDN with and without Zn and 75% RDN + Zn, remained at par in both the systems, with significantly higher AUEN in PTR.
Systems of cultivation
The agronomic use efficiency of phosphorus (AUEP) was higher than AUEN in both the years, which was mainly due to the lower quantity of P applied, as compared to N. Among the 2 years, AUEP was higher in the second year, with a similar trend to that of AUEN. All the CEMs remained on par in both the years in AUEP ( Table 12 ). Among the nutrient management options, 75% RDN + An-Ps biofilm formulation with and without Zn recorded significantly higher AUEP than other options. The interaction effect between cultivation systems and nutrient management options was found to be significant in both the years. All the treatments performed better in PTR than SRI, except three treatments, namely, RDN with and without Zn and 75% RDN + An-Ps biofilm formulation + Zn in the first year, while during the second year, PTR was found to be superior to SRI. PTR was found to be superior to ARS in the second year, while statistically at par in the first year.
Discussion
Rice Yield
In this investigation, the variation observed in the yield of the 2 years can be attributed to the weather variation, mainly in terms of rainfall. However, an attempt was made to maintain a favorable environment during the second year by providing irrigation water, which was responsible for reducing the difference in yield between the first and second years in this study. The effect of rainfall on rice yield is well documented. [30] [31] [32] Over a 10-year study, Sankar Maruthi et al. [33] also found an increasing trend in rice yield with higher rainfall at three different locations (Varanasi, Faizabad, and Ranchi) in India. Among CEMs, the superiority of SRI, over ARS, in yielding capacity was also reported by Singh [34] and Geethalakshmi et al. [35] Singh [34] also Global Challenges 2019, 3, 1800005 found that SRI and PTR systems remained on par with respect to rough rice yield. The superiority of PTR system over ARS in terms of rough rice yield was reported by Ram et al. [36] A significant response of rice to Zn application was obtained in all the treatments over no Zn application (Table 1) . Yield improvement due to zinc application was reported by Shivay et al. [37] and Shivay and Prasad. [38] The rough and brown rice yields in the microbial inoculation applied treatments were similar to that obtained with the application of RDN. Improvement in rice yields due to microbial inoculation of CR2, CR1 (both Anabaena spp.), and PR10 (Ochrobactrum sp.) with two-thirds of nitrogenous dose was earlier reported by Prasanna et al. [25] Variations in hulling and milling percentage among CEMs were responsible for the difference in brown and milled rice yield between them. Higher milling recovery in PTR and SRI over ARS leads to higher milled rice yield. The effect of CEMs on hulling recovery of rice was also mentioned by Mahendra Kumar et al. [39] Along with the CEMs, Zn fertilization and the use of microbial inoculations also had a significant impact on hulling and milling percentage, which was seen from the variation in yield of brown and milled rice. Higher hulling percentage due to zinc application [38] and microbial inculcation [40] has been reported. Hull yield was not affected significantly by the cultivation systems although the highest hull yield in ARS can be attributed to the lower hulling recovery than PTR and SRI.
Systems of cultivation
Water Productivity of Rough and Brown Rice
The variation in water productivity among CEMs was mainly due to the differences in the yield and water used in the production process. There was higher water productivity in the SRI method over PTR, although both recorded nearly equal yield, but lower water use in SRI than PTR. The higher water productivity in ARS can be solely due to lower amounts of water used to produce 1 kg rice in ARS than PTR. Higher water productivity in SRI was observed by Thakur et al. [41] and Zhao et al. [42] also reported higher irrigation and total water use efficiency in SRI over PTR. The superiority of ARS in improving water productivity over PTR was discussed by Singh. [34] Total water productivity was higher in the second year, which can be attributed to lower amount of total water used. The higher water productivity in treatment involving application of Zn and microbial inoculation showed a positive correlation with increase in rough rice yield by both Zn and microbial inoculation, illustrating the benefits with reduced resources. The irrigation water productivity was higher than total water productivity due to the lower quantity of irrigation water than total water used in the production of same quantity of rice. Suryavanshi et al. [43] and Singh [34] also reported higher irrigation water productivity than total water productivity in their study. The better correlation of irrigation water with total water productivity in the second year was due to the major share of irrigation water Global Challenges 2019, 3, 1800005 to the total water supply to rice, as rainfall was lower in the second year (Figure 1) . At the same time, a significant positive correlation of rough rice with total water used in the second year (R 2 = 0.45) than the first year (R 2 = 0.32) could also be due to the greater contribution of irrigation water to the total water supply to rice in the second year (Figure 1) .
Systems of cultivation
A higher water requirement for the production of 1 kg brown rice was mainly due to lower yield of brown rice than rough rice, while water consumption was similar in both cases. The total water productivity of brown rice in SRI was less by 0.46 kg ha −1 mm −1 as compared to rough rice. Similarly, in ARS and PTR, the total water productivity of brown rice was less by 0.50 and 0.43 kg ha −1 mm −1 than for rough rice. The superiority of SRI in total water productivity of brown rice in the first year was due to lower water used than PTR and higher yield over ARS, while superiority of ARS in the second year over PTR and SRI was on account of lower water used in ARS than both SRI and PTR. Along with CEMs, the positive effect of Zn fertilization and microbial inoculation on the yield of rough rice and milling percentage can be major factors contributing to the increase in total water productivity of brown rice. The improvement in hulling recovery of rice by application of Zn may be responsible for higher brown rice yield, as reported earlier. [44] 
Water Saving and Nutrient Use Efficiency
In terms of water savings due to CEMs, the lower depth of irrigation water application in SRI than PTR during the initial growth period was responsible for the saving of water in SRI. In ARS, the absence of nursery, no puddling, and maintaining arable soil lead to saving of more water than both PTR and SRI. In the second year, water saving was higher than the first year; this was mainly due to lower share of rainfall and maximum share of irrigation water in total water used in the production of rice. Singh [34] reported water savings in SRI and ARS over PTR in both the years, in their 2-year study at New Delhi. Saving of water in SRI over PTR has also been documented. [42, 45, 46] Among the treatments of Zn fertilization and microbial inoculations, yield improvement was more in microbial inoculation, which translated into greater water savings. The quantity of total water saving is less and irrigation water saving is more during the second year than the first year; this is on account of the lower rainfall received during the second year.
The variation in AUEN years was mainly due to greater variation in the yield of treated plots and control plot, as a result of unfavorable weather conditions. The superiority of 75% RDN + An-Ps biofilm formulation in AUEN and AUEP is the result of lower N and P application rate than RDN, but Global Challenges 2019, 3, 1800005 statistically at par yields with RDN. A higher AUEN at a low rate of N application was also reported by Zhao et al. [42] and Shivay et al. [47] ; variation in AUEN among CEMs was also reported by Ali et al. [48] and Satyanarayana et al. [49] It is well documented that these microbial inoculants, which include nitrogen fixers, can lead to a saving of 25% N, without negative effects on yields. [25] [26] [27] [28] [29] Additionally, the biofilm inoculants have the potential to provide fixed nitrogen in a sustained manner to the crop, up to the harvest stage. [28] 
Systems of cultivation
Conclusions
From our study, it can be concluded that changing the CEM from PTR to SRI increases water productivity without any reduction in yield, while ARS increases water productivity with yield penalty. The highest total water productivity was observed with RDN + Zn in SRI methods in the first year, while in the second year, the same treatment applied in ARS recorded highest total water productivity of both rough and brown rice.
Global Challenges 2019, 3, 1800005 Table 10 . Effect of rice cultivation system on saving of water in rice during the first and second years of experiment. PTR, puddled transplanted rice; SRI, system of rice intensification; ARS, aerobic rice system. In case of irrigation water productivity of rough and brown rice, RDN + Zn was found to be superior in ARS. Application of zinc and microbial inoculation increases the yield of rough rice and also has a positive effect on increasing the hulling and milling percentage of rice, leading to higher brown and milled rice yields. This increase in yield of rough, brown, and milled rice due to Zn application and use of microbial inoculation can also reflect the indirect effect of improved total and irrigation water productivity, leading to economy in water use. An increase in the agronomic use efficiency of N and P in microbial inoculation treatments over RDN makes them effective and profitable inputs for saving both water and nutrients.
Systems of cultivation
Experimental Section
Experimental Site and Meteorological Condition: The experiment was conducted on the research farm of the ICAR-Indian Agricultural Research Institute, New Delhi, India. This farm was situated at a latitude of 28°38′ N and longitude of 77°10′ E, and altitude of 228.6 m above the mean sea level (Arabian Sea). The experiment was carried out during the rainy (wet) season (June to October) for two consecutive years (2013 and 2014) in the same field. Before the start of the experiment, the soil was analyzed for its important physical and chemical properties (0-15 cm depth). The texture of soil (Typic Ustochrept) was sandy clay loam with a mechanical composition of 51.4% sand, 22.2% silt, and 26.4% clay with moderate water holding capacity and laser leveled topography. The soils of the experimental field (0-15 cm depth) had 0.60% organic C, [50] 257 kg ha −1 alkaline permanganate oxidizable N, [51] 17 kg ha −1 available P (Olsen's method), [52] 327 kg ha −1 1 n ammonium acetate exchangeable K, [53] and 0.85 mg kg −1 of available zinc. [54] The pH of the soil was 7.6 (1:2.5 soil and water ratio).
The climate of Delhi is of subtropical and semiarid type with hot and dry summer and cold winter and is categorized under the agroclimatic zone "Trans-Gangetic Plains." The mean annual normal rainfall is 650 mm, with August being the wettest month. The annual mean pan evaporation is about 850 mm. Meteorological data were recorded in the observatory of ICAR-Indian Agricultural Research Institute, during the crop growing period. In the first year of experiment, the total rainfall received was 1349.8 mm with 39 rainy days, while during the second year, 451.8 mm of rainfall was received with 22 rainy days.
Experimental Details: A field experiment was planned in a split-plot design involving three CEMs as the main plots, namely, PTR, SRI, and ARS. In each of these CEMs, nine nutrient management treatments were applied and all the treatments were taken in triplicate. Subplot nutrient management treatments included T1, control-no fertilizer (N 0 P 0 Zn 0 ); T2, RDN (120 kg N ha −1 and 25.8 kg P ha −1 ); T3, T2 + zinc (5 kg ha −1 ); T4, 75% RDN; T5, T4 + zinc (5 kg ha −1 ); T6, 75% RDN + CR1 + PR3; T7, T6 + zinc (5 kg ha −1 ); T8, 75% RDN + An-Ps biofilm formulation; and T9, T8 + zinc (5 kg ha −1 ). Potassium was applied uniformly in all treatments at the rate of 49.8 kg K ha −1 . The details of the preparation of these inoculants and their formulations are given in the previous investigations. [26] [27] [28] [29] Both these formulations were prepared by mixing with vermiculite (hydrous phyllosilicate mineral):compost (1:1) as the carrier. The paddy straw compost was C/N 16.22 and humus 13.8% (pH 7.34), and the cyanobacterial, fungal, and bacterial colony forming units in the formulations were 10 4 , 10 5 , and 10 8 g −1 carrier, respectively, as optimized in earlier studies. [28, 29] All the bacterial/ cyanobacterial strains were maintained in the culture collection of the Division of Microbiology, ICAR-Indian Agricultural Research Institute, Global Challenges 2019, 3, 1800005 
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New Delhi, India. These consortia/strains/biofilms have been used in several experiments earlier and proven to be plant growth promoting biofertilizing options. [25] [26] [27] [28] [29] Details of the seed and sowing/transplanting specifications are given in Table 13 . In this experiment, the scented rice variety "Pusa Sugandh 5" [12, 55] was planted during both the years. To maintain the same growth stage of rice in all the three CEMs, sowing of rice in ARS in main field and sowing of rice in the nursery for transplanting in PTR and SRI were done on the same date (the third week of June in both the years of study). The main field of ARS was thoroughly prepared by plowing once and harrowing twice along with planking. For the application of microbial inoculants, presoaked seeds were treated with thick slurry of microbial cultures, using 1% carboxylmethyl cellulose (CMC) as a sticker. Seeds were manually drilled in plots at a row spacing of 20 cm and seeding rate was 60 kg ha −1 . Field was kept under aerobic condition throughout the whole growing season and water was applied (2 cm) as and when soil moisture depletion reached 50% of the field capacity; the field was drained, whenever heavy rains occurred. The depth of water application was higher (5 cm) during the panicle emergence to completion of grain filling stage. Irrigation was withheld 10-12 d ahead of harvesting.
In the SRI method, 13-14-d-old seedlings were transplanted at 20 cm × 20 cm spacing in puddled soil and a saturated field condition was maintained from transplanting to panicle initiation stage by applying 2 cm depth of water when field soil developed fine cracks. After panicle initiation, 5 cm water was applied as and when field soil developed fine cracks. Irrigation was withheld 10-12 d before harvesting. Under PTR, 23-25-d-old seedlings were transplanted in puddled soil at 20 cm × 15 cm spacing and a water depth of 5 cm was applied at each irrigation. Irrigation was stopped 10-12 d before harvesting. For the application of microbial inoculants, a thick slurry of microbial cultures was made by using water along with 1% CMC as a sticker. The rice seedlings in PTR and SRI treatments were dipped for half an hour before transplanting. The total number of irrigations and amount of water applied varied with CEMs and rainfall during growing season. In PTR, 11 and 18 irrigations were applied in first and second years, while in SRI, 11 and 20 irrigations, and in ARS, 10 and 24 irrigations were applied in the first and second years of the study, respectively. Two hand weedings in PTR and SRI and three hand weedings in ARS were done. Net plot size of each subplot was 8 m 2 .
Observations: The crop was manually harvested with sickles at ripening stage. The plants from the border rows were harvested first and removed from field. Thereafter, the net plot area was harvested and produce was left in the field, until it dried. Threshing was done manually and the rough rice yield was recorded after cleaning, at 14% moisture, and expressed in terms of Mg ha −1 . For the calculation of yield of brown rice, milled rice, hull, and bran from rough rice, hulling and milling of rice was done. For calculation of hulling percentage, sun-dried samples of paddy, weighing 1000 g each from all the plots, were hulled in a mini "Satake Rice Mill" [56] and hulling percentage was calculated as ( ) ( ) ( )= × hulling percentage % weight of brown rice g weight of rough rice g 100 (1) From the hulling percentage obtained, brown rice yield and yield of hull were calculated. For the calculations of milled rice yield and bran yield, the hulled brown rice was passed through "Satake Rice Whitening and Caking Machine" [56] for 2 min. The polished rice was weighed and milling percentage was worked out by using the following formula. From milling, yield of white rice and bran was calculated ( ) ( ) ( )= × milling percentage % weight of milled rice g weight of rough rice g 100 (2) For the measurement of water productivity, water intakes from rainfall and irrigation water were measured. For the calculation of irrigation water intake, total number of irrigations and depth of water applied at each irrigation were measured using a meter scale, which had millimeter and centimeter marks. In each plot, the depth of water was measured at ten selected spots after irrigation, and on the basis of these observations, the mean depth of irrigation water was calculated for each plot. The other measurements were calculated as (irrigation water used inPTR irrigation water used in SRI or ARS) irrigation water used inPTR 100 (7) ( ) = − × total water saving in SRI or ARS % (total water used inPTR total water used in SRI or ARS) total water used in PTR 100 (8) The nitrogen and phosphorus use efficiencies were calculated by using the following formula agronomic use efficiency kg grain increased kg N/P applied ( )
where Y f and Y c refer to rice grain yield in fertilizer applied and absolute control plot, respectively. N a refers to amount of nutrient (N or P) applied through fertilizer. Statistical Analysis: All the data obtained from the experiment that was conducted using the split-plot design were statistically analyzed in Microsoft Excel using the F-test, following the procedures outlined by Gomez and Gomez. [57] The least significant difference values (P = 0.05) were used to determine the significance among the treatment means.
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